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16-HYDR0XYTRIPT0LIDE COMPOSITION AND 
METHOD FOR IMMUNOTHERAPY 

1. Field of t he Invention 

5 The present invention relates to a 

composition and method for transplantation 
rejection and immunosuppression. 
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3. Rar-Varoun d 2f the Invention 

The immune system functions as the body's 
major defense against diseases caused by invading 
organisms. This complex system fights disease by 
killing invaders such as bacteria, viruses, 
parasites or cancerous cells. The immune system's 
ability to distinguish the body's normal tissues, 
or self, from foreign or cancerous tissue, or non- 
self, is an essential feature of normal immune 
system function. A second essential feature is 
memory, the ability to remember a particular 
foreign invader and to mount an enhanced defensive 
response when the previously encountered invader 
returns. The loss of recognition of a particular 
tissue as self and the subsequent immune response 
directed against that tissue produce serious 
illness. 

An autoimmune disease results from the immune 
system attacking the body's own organs or tissues, 
producing a clinical condition associated with the 
destruction of that tissue. An autoimmune attack 
directed against the joint lining tissue results 
in rheumatoid arthritis; an attack against the 
conducting fibers of the nervous system results in 
multiple sclerosis. The autoimmune diseases most 
likely share a common pathogenesis and the need 
for safe and effective therapy. 

Rheumatoid arthritis is one of the most 
common of the autoimmune diseases. Current 
treatments include three general classes of drugs 



(Schumacher, 1988): anti-inflammatory agents 
(aspirin, non-steroidal anti-inflammatory drugs 
and low dose corticosteroids) ; disease-modifying 
antirheumatic drugs, known as "DMARDs" 
(antimalarials, gold salts, penicillamine, and 
sulfasalazine) and immunosuppressive agents 
(azathioprine, chlorambucil, high dose corticoste- 
roids, cyclophosphamide, methotrexate, nitrogen 
mustard, 6-mercaptopurine, vincristine, hydroxy- 
urea, and cyclosporin A). None of the available 
drugs are completely effective, and most are 
limited by severe toxicity. 

In addition to their use in treating 
autoimmune conditions, immunosuppressive agents 
have also been used in treating or preventing 
transplantation rejection. Organ transplantation 
involving human organ donors and human recipients 
(allogeneic grafts) , and non-human primate donors 
and human recipients (xenogeneic grafts) , has 
received considerable medical and scientific 
attention (Roberts, 1989; Piatt, 1990; Keown, 
1991; Wang, 1991; Hasan, 1992; Murase, 1993). To 
a great extent, this effort has been aimed at 
eliminating, or at least reducing, the problem of 
rejection of the transplanted organ. In the 
absence of adequate immunosuppressive therapy, the 
transplanted organ is destroyed by the host immune 
system. 

From follow-up studies on human transplant 
patients, as well as transplantation studies in 
animal model systems, the following features of 
transplant rejection have been established. The 
major targets in transplant rejection are non- 
self allelic forms of class I and class II major 
histocompatibility complex (MHC) antigens. Rejec- 
tion is mediated by both antibodies and cytotoxic 
T lymphocytes (CTLs) , with the participation of 
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CD4+ "helper" T cells (Noelle. 1991). In general, 
foreign class I MHC antigens stimulate CD8+ CTLs, 
and foreign class II MHC antigens stimulate CD4+ T 

cells (Roitt, 1991) . 

Another obstacle in transplantation, which 
has limited bone marrow transplants (BMT) in 
particular, is graft-versus-host disease (GVHD) . 
GVHD is a condition in which transplanted marrow 
cells attack the recipient's cells (Thomas, 1975; 
Storb, 1984). Many BMT patients receiving HLA- 
identical marrow that tests negative in the mixed 
lymphocyte reaction (MLR) still develop GVHD, 
presumably because of a disparity between the 
recipient and donor at polymorphic non-HLA 
15 determinants. A large proportion of GVHD- 

afflicted individuals die as a result of GVHD 

(Weiden, 1980). 

Presently, the most commonly used agents for 
preventing transplant rejection include 
20 corticosteroids, cytotoxic drugs that specifically 
inhibit T cell activation such as azathioprine, 
immunosuppressive drugs such as cyclosporin A, and 
specific antibodies directed against T lymphocytes 
or surface receptors that mediate their activation 
25 (Briggs, 1991; Kennedy, 1983; Storb, 1985; Storb, 
1986) . All of these drug therapies are limited in 
effectiveness, in part because the doses needed 
for effective treatment of transplant rejection 
may increase the patient's susceptibility to 
30 infection by a variety of opportunistic invaders, 
and in part because of direct toxicity and other 

side effects. 

Cyclosporin A, currently the most effective 
and most commonly used agent, is significantly 
3 5 toxic to the kidney. This nephrotoxicity limits 
the quantity of drug that can be safely given. 
The physician is frequently forced to administer 
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sub-optimal doses of the drug because of this 
toxicity. 

Accordingly, it would be desirable to have a 
drug capable of potentiating the action of 
5 immunosuppressive agents such as cyclosporin A. 
Ideally, such a drug would increase the efficacy 
of such immunosuppressive agents and also decrease 
deleterious side-effects by allowing admin- 
istration of lower dosage levels. 

10 

4 . Summary of the Invention 

The invention relates to a purified compound 
for use in immunosuppressive therapy and referred 
to herein as 16-hydroxytriptolide, having the 
15 structural formula: 



20 




In one aspect, the invention includes a 
composition for use in immunosuppression therapy 
in a mammalian subject. The composition includes 

30 a therapeutically effective amount of purified 16- 
hydroxytriptolide in a pharmaceutical^ acceptable 
delivery vehicle, and also carried in the vehicle, 
an immunosuppressant drug, particularly 
cyclosporin A, FK506, azathioprine, methotrexate, 

35 rapamycin, mycophenolic acid, or a glucocorticoid. 
The composition has an increased immunosuppressive 
activity relative to the sum of the effects 
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produced by 16-hydroxytriptolide or 
immunosuppressant drug used alone, allowing 
greater immunosuppressive activity with reduced 

toxicity. 

The composition is employed in 
immunosuppressive therapy, particularly in therapy 
for transplantation rejection and autoimmune 
disease. 

In a preferred embodiment, the composition is 
used in treating transplantation rejection. In 
this regard, the composition can be used for 
treating rejection of an allograft or a xenograft, 
or complications caused by graf t-versus-host 
disease. In a further embodiment, the composition 
15 is used in treating transplantation rejection, and 
the immunosuppressant drug is cyclosporin A. 

Also disclosed is an immunosuppression 
therapy method for use in treating a mammalian 
subject. The method includes administering to the 
2 0 subject, a pharmaceutical^ effective amount of 
(i) purified 16-hydroxytriptolide and (ii) an 
immunosuppressant drug which is cyclosporin A, 
FK506, azathioprine, methotrexate, rapamycin, 
mycophenolic acid, a glucocorticoid, or a 
25 combination of two or more of such drugs. Use of 
the 16-hydroxytriptolide compound with the immuno- 
suppressant drug results in a greater imrauno- 
therapeutic effect than expected from the effects 
of the triptolide compound or immunosuppressant 
3 0 agent when used alone. 

These and other objects and features of the 
invention will become more fully apparent when the 
following detailed description of the invention is 
read in conjunction with the accompanying 
3 5 drawings. 



Brief Description of the Drawings 

Fig. 1 show a proposed structure of 16- 
hydroxytr iptolide ; 

Fig. 2 shows an electron impact mass spectrum 
of 16 -hy dr oxy tr ipto 1 ide ; 

Fig. 3 shows a fourier transform infrared 
(IR) spectrum of 16-hydroxytriptolide; 

Fig. 4 shows a J H nuclear magnetic resonance 
(NMR) spectrum of 16-hydroxytriptolide; 

Fig. 5 shows a proton-decoupled 13 C NMR 
spectrum of 16-hydroxytriptolide; 

Fig. 6 shows a l H- l H COSY spectrum of 16- 
hydroxytriptolide; 

Fig. 7 shows a ! H- li C chemical shift 
correlation spectrum of 16-hydroxytriptolide; 

Fig. 8 shows inhibition by 16- 
hydroxytriptolide of human peripheral blood 
lymphocyte (PBL) proliferation in the presence of 
anti-CD3 antibody; 

Fig. 9 shows the suppressive effect of 16- 
hydroxytriptolide on IL-1 stimulation of mouse 
thymocyte proliferation; 

Fig. 10 shows the suppressive effect of 16- 
hydroxytriptolide on IL-2 stimulation of HT-2 cell 
proliferation; and 

Figs. 11A and 11B show the effect of 16- 
hydroxytriptolide on the concentrations of the 
cytokines IL-6 (Fig. 11A) , TNFa (Fig. 11A) , and 
IL-2 (Fig. 11B) in PHA-stimulated human PBL 
cultures. 

Detailed Description of the Invention 
I . Pur if ied 16-Hvdroxvtriptolide 

The invention employs a purified compound 
which may be isolated from Tripterygium wilfordii. 
The compound, designated "tripterygin" in parent 
application Ser. No. 08/058 ,321, is referred to 



10 

herein as ,f 16-hydroxytriptolide. 11 A postulated 
structural formula is shown in Fig. 1. 

A. Purification of 16-Hvdroxv triptolide 
16-Hydroxytriptolide can be purified from the 
root xylem of Tripterygium wilfordii, a medicinal 
plant which is readily available in Fujiang 
Province and other southern provinces of China or 
through commercial sources in the United States. 
The presence of 16-hydroxytriptolide in the 
fractions generated at various stages of purifica- 
tion can be monitored by use of one or more of the 
assays described in Examples 3-6 (e.g., the PBL 
assay in Example 3). However, other compounds 
present in the mixture may also be detectable in 
the assays, thereby precluding unambiguous 
distinction of 16-hydroxytriptolide from such 
other compounds. 

A protocol for isolating purified 16-hydroxy- 
triptolide is described in Example 1. Briefly, 
dried plant material is ground into a crude powder 
and extracted by reflux with a volume of 95% 
ethanol that is about five times the weight (on a 
ml/g basis) of the dried plant material. The 
residual solid is extracted twice more with 95% 
ethanol, and the three resultant ethanol extracts 
are combined, filtered and reduced to a 
concentrated, syrupy extract (to about 2% of the 
original ethanol volume) . 

The concentrated extract is diluted by about 
50% with water, filtered, and then extracted with 
several portions of methylene chloride. Following 
concentration, the collected methylene chloride 
fractions are applied to a silica gel column and 
eluted in a series of methylene chloride :methanol 
mixtures, i.e., mixtures with ratios of 100:0, 
97:3, 95:5, and 90:10. The fractions which elute 



with the 95:5 mixture are combined and 
concentrated. 

The resultant concentrate is purified further 
by silica gel chromatography using a series of 
hexane: methylene chloride: methanol mixtures, i.e., 
mixtures having ratios of 1:2:5, 1:2:10, 1:2:15, 
and 1:2:20. The fractions which elute with the 
1:2:15 mixture are collected and concentrated. 

The resultant concentrate is purified further 
by silica gel chromatography using a series of 
hexane: 

acetone mixtures, i.e., having ratios of 9:1, 8:2, 
7:3, and 6:4. The fractions which elute with the 
7:3 mixture are combined and concentrated. 

The concentrate is purified by reversed phase 
(C-18) high performance liquid chromatography 
(HPLC) (70% methanol in water as eluant) by 
passage through two ODS columns as described in 
Example 1. The resultant material is crystallized 
from methanol to yield the final, purified 16- 
hydroxy tr iptol ide . 

B. Structural Analysis 

Fig. 1 shows a structure and carbon atom 
numbering scheme for the 16-hydroxytriptolide 
compound of the invention. 

Fast atom bombardment mass spectrometry of 
the 16-hydroxytriptolide compound revealed a 
molecular weight of 377.2 amu (MH + ) (Fig. 2). The 
exact mass was found to be 377.160050, in good 
agreement with the calculated value for C 7X fl 25 0 1 
(377.160028). These data are consistent with the 
structure shown in Fig. 1, having the molecular 
formula C 20 H 24 O 7 (mass M) . 

The infrared spectrum (Fig. 3) of 16-hydroxy- 
triptolide includes a strong peak at 3426 cm 4 
(hydroxyl), a small peak at 3030 cm* 1 (epoxide C- 
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H) , strong peaks at 1753 and 1676 cm" 1 (a, 6- 
unsaturated 7-lactone) , and weak peaks at 908 and 
330 cm* 1 (epoxide C-C) . 

The l H-NMR spectrum (Fig. 4) of 16- 
5 hydroxytriptolide was as follows, where the 

assignments of ambiguous peaks were determined by 
COSY analysis (d 6 -DMSO, 5-shifts in ppm) : 4.82 
(2H, m) , assigned to the two protons at C-19; 3-88 
(1H, d, J = 3 Hz) , assigned to the proton at C-12; 
10 3.64 (1H, d, J = 3 Hz), assigned to the proton at 
C-ll; 3.32 (2H, m) , assigned to the two protons at 
C-16; 3.24 (1H, d) , assigned to the proton at C- 
14; 3.14 (1H, m) , assigned to the proton at C-7; 
2.60 (1H, d) , assigned to the proton at C-5; 2.20 
15 (1H, m) , assigned to the a-proton at C-6; 2.15 

(1H, m) , assigned to the proton at C-15; 2.10 (2H, 
m) , assigned to the two allylic protons at C-2; 
1.82 (1H, t) , assigned to the 6-proton at C-6; 
1.28 (2H, m) , assigned to the two protons at C-l; 
20 0.95 (3H, s) , assigned to the three protons at C- 
20; and 0.83 (3H, d, J = 7 Hz), assigned to the 
three protons at C-17. Resonance peaks were found 
for all expected proton groups, and integration 
values were in agreement with those expected from 
25 the structure in Fig. 1. 

Chemical shifts and assignments for selected 
resonance peaks in the proton-decoupled 13 C-NMR 
spectrum (Fig. 5) were as follows (d 6 -DMS0, 5- 
shifts in ppm): 173.14, assigned to the carbonyl 
30 carbon (C-18) ; 162.44 and 123.01, assigned to the 
C=C carbons at C-4 and C-3, respectively; and 
71.52 (C-14), 70.21 (C-19), 64.28 (C-13), 62.93 
(C-9), 61.64 (C-8), 60.79 (C-7), 59.77 (C-16) , 
55.23 (C-12), and 54.53 (C-ll), all corresponding 
35 to carbons singly bound to oxygen. The rest of 
the peaks, corresponding to carbons singly bound 
to carbon and/or hydrogen, were as follows: 40.33 
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(C-5) , 38.67 (C-15), 35.20 (C-10) , 28.99 (C-l) , 
22.62 (C-6) , 16.60 (C-2) , 13.70 (C-20) , and 12.42 
(C-17). Ambiguous peaks were determined from the 
'H- 13 C COSY data below. In agreement with the 
5 molecular formula determined above, there were no 
other peaks in the l3 C spectrum. 

The ! H- ! H COSY spectrum, shown at Fig. 6, 
revealed coupling interactions between protons at 
Oil and c-12, between protons at C-15, C-16, and 

10 C-17, between protons at C-5, C-6, and C-7, and 
between protons at C-l and C-2. 

The *H- 13 C COSY spectrum (chemical shift 
correlation) shown at Fig. 7 revealed the shift 
correlations shown in Table 1 below. As expected, 

15 no crosspeaks were found for the resonance peaks 
assigned to carbon atoms which have no hydrogen 
substituents (carbons 3, 4, 8-10, 13, and 18). 



Table 1 



25 



30 



Carbon 
Assignment. 


13 C Chemical..; 
Shift (ppm) 


..JH... Chemical 
Shift (ppm j 


Proton,.. 
Assignment 


1 


28.99 


1.28 


1 


2 


16.60 


2.10 


2 


5 


40.33 


2.60 


5 


6 


22.62 


2.20 
1.82 


6a 
63 


7 


60.79 


3.14 


7 


11 


54.53 


3.64 


11 


12 


55.23 


3.88 


12 


14 


71.52 


3.24 


14 


15 


38.67 


2.15 


15 


16 


59.77 


3.32 


16 


17 


12.42 


0.82 


17 


19 


70.21 


4.80 


19 


20 


13.70 


0.94 


20 
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Taken together, the spectral data above are 
consistent with the structure shown in Fig. 1. 

C. Compound Formula tions 
5 In the immunosuppressant therapy method of 

the invention, the purified 16-hydroxytriptolide 
compound may be administered with the 
immunosuppressant compound together in the same 
formulation, or separately in separate 
10 formulations. Where the compounds are prepared in 
separate formulations, the 16-hydroxytriptolide 
compound and immunosuppressant compound can be 
administered by different routes if desired. 
The immunosuppressant drug which is 
15 administered with the 16-hydroxytriptolide 

compound is preferably one of the following: 

(a) Cyclosporin A or cyclosporin C 
("cyclosporin"), a non-polar cyclic oligopeptide; 

(b) FK506, a fungal macrolide 
2 0 immunosuppressant ; 

(c) azathioprine, or 6[ (l-Methyl-4-nitro-lH- 

immadazole-5yl) thio] lH-purine; 

(d) methotrexate, 

(e) rapamycin, a fungal macrolide immuno- 

25 suppressant; 

(f) mycophenolic acid, or 6-(l, 3-Dihydro-4- 
hydroxy-6-methoxy-7-methyl-3-oxy-5- 
isobenzofuranyl)-4-methyl-4-hexanoic acid; and 

(g) an immunosuppressant glucocorticoid, such 
3 0 as prednisone or dexamethasone. 

The proportions of the two components (16- 
hydroxytriptolide and immunosuppressant drug) are 
preferably in the range of 1:50 to 50:1 by weight. 
When the purified 16-hydroxytriptolide and 
35 immunosuppressant compound are employed in the 
form of solid preparations for oral 
administration, the preparations may be tablets, 
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granules, powders, capsules or the like. In a 
tablet formulation, the compound is typically 
formulated with additives, for example, an 
excipient such as a saccharide or cellulose 
5 preparation, a binder such as starch paste or 

methyl cellulose, a filler, a disintegrator and so 
on, all being ones usually used in the manufacture 
of medical preparations* 

For use in oral liquid preparation, the 

10 compounds may be prepared as a liquid suspension, 
emulsion, or syrup, being supplied either in 
liquid form or a dried form suitable for hydration 
in water or normal saline. 

The compounds may be injected in the form of 

15 aqueous solutions, suspensions or oily or aqueous 
emulsions, such as liposome suspensions. 
Typically, for parenteral administration, the 
compounds are formulated as a lipid formulation, 
e.g., triglyceride, or phospholipid suspension, 

20 with the 16-hydroxytriptolide being dissolved in 
the lipid phase of the suspension. 



II . Cytokine Inhibitory Activity 

The purified 16-hydroxytriptolide compound 
25 was examined for immunosuppressive activity in a 
variety of in vitro biological assays. 

A. Antiproliferative Effect on Human PBL's 
in vitro 

30 One measure of immunosuppressive activity is 

suppression of stimulated peripheral blood 
lymphocyte (PBL) proliferation in vitro. In the 
assay detailed in Example 3, PBLs were activated 
in vitro by addition of anti- CD3 monoclonal 

3 5 antibody (X-35 antibody) . At the same time, a 

solution of purified 16-hydroxytriptolide or sol- 
vent alone (control) was added to each culture, at 
selected concentrations. After 72 hours 
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incubation, tritiated thymidine was added to the 
culture medium, and thymidine incorporation into 
DNA was assayed, as a measure of DNA synthesis 
associated with cell proliferation. 
5 Fig. 8 shows inhibition of peripheral blood 

lymphocyte proliferation, in the presence of 
stimulation with anti-CD3 antibody, as a function 
of the concentration of added 16- 

hydroxytriptolide. As seen, increasing amounts of 
10 purified 16-hydroxytriptolide produced dose 

dependent inhibition of proliferation of both 
unstimulated and anti-CD3-stimulated PBLs, with 
substantially complete inhibition occurring at a 
dose of 2 x 10" 8 M 16-hydroxytriptolide. Half- 
15 maximal inhibition occurred at a 16- 
hydroxytriptolide concentration of approximately 

10- 8 M. 

B. Inhibition of I I.- 1 Action 
20 According to one important aspect of the 

invention, it has been discovered that 16- 
hydroxytriptolide has the ability to inhibit IL-l- 
induced lymphocyte proliferation. The implications 
of this finding, for use in immunosuppression 
25 therapy, are discussed in Section III below. 

The ability of 16-hydroxytriptolide to 
suppress the cell- proliferative effect of IL-1 in 
mouse thymocytes, an index of IL-1 action 
(O'Gara), was examined (Example 4). In this 
30 study, mouse thymocytes in culture were stimulated 
with IL-l in the presence of phytohemagglutinin 
(PHA) and increasing concentrations of purified 
16-hydroxytriptolide. The cells were cultured for 
72 hours, and during the last four hours, 
35 incubated with tritiated thymidine. Thymocyte 
proliferation was assessed by measurement of 
radiolabeled thymidine incorporation into DNA. 
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Fig. 9 shows the inhibition of IL-1- 
stiraulated thymocyte proliferation in culture by 
16-hydroxytriptolide. As seen in the figure, IL- 
l-stimulated cell proliferation was inhibited 
5 maximally by 16-hydroxytriptolide at a con- 
centration of about 10" 8 M, with half -maximal 
inhibition occurring at a concentration of about 3 
x 10" 9 M. 

C. Inhibition of IL-2 Action 
A similar study showed that 16- 
hydroxytriptolide also blocks the 
cell-proliferative activity of IL-2 on cultured 
HT-2 lymphocytes (O'Gara) , as detailed in Example 
5. Briefly, HT-2 cells were incubated in the 
presence of IL-2, and in the presence of 
increasing concentrations of 16-hydroxytriptolide. 
After 2 0 hours incubation, tritiated thymidine was 
added, and the incubation carried out for an 
additional 4 hours. Cells were harvested and 
counted as described for PBL proliferation. 

Fig. 10 shows the inhibition of IL-2- 
stimulated thymocyte proliferation in culture by 
16-hydroxytriptolide. As seen in the figure, the 
action of IL-2 on HT-2 cells was fully inhibited 
by 16-hydroxytriptolide at a concentration of 
about 10' 7 M, with half -maximal inhibition 
occurring at a concentration of- about 3 x 10' 8 M. 

3 0 D- Effect on Cytokine Production 

The effect of 16-hydroxytriptolide on the 
production of the cytokines IL-1, IL-2, IL-6, and 
TNFa was assessed by measurement of the 
concentration of these cytokines in the medium of 

35 PHA-stimulated human PBL cultures. Cytokine 

levels were measured by standard ELISA methods 
using commercially available kits, as detailed in 
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Example 6. Briefly, assay buffer was added to 
each of the wells of a microtiter plate containing 
pre-bound anti-cytokine antibody, followed by 
addition of standard or sample solution, diluted 
5 appropriately for the cytokine concentration 

measured, followed by a second reporter- labeled 
antibody specific against the anti-cytokine 
antibody. 

As shown in Fig. HA, 16 -hydroxy triptolide 
10 inhibited the production of 11-6 and TNFoc. 

Production of these cytokines was suppressed to^l% 
of control concentrations in the presence of 10" 7 M 
16-hydroxytriptolide. Half-maximal inhibition 
occurred at about 6 x 10" 9 M. As shown in Fig. 
15 11B, 16-hydroxytriptolide inhibited production of 
IL-2 to about 10% of control at 10" 7 M. Half 
maximal inhibition occurred at about 5 x lO* M. 
in contrast, 16-hydroxytriptolide did not alter 
IL-l production by the cultured lymphocytes. 



20 



E. c ytotoxicity 
potential cytotoxicity of 16- 
hydroxytriptolide was assessed by measurement of 
the effect of 16-hydroxytriptolide on reduction of 
25 MTT ( 3-[4,5-Dimethylthiazol-2-yl] 2 , 5-diphenyl- 
tetrazolium bromide) by cultured cells, an index 
of cellular respiration and a sensitive assay for 
the detection of cytotoxicity (Green, et al.). 
Toxicity was evaluated in vitro in human PBLs and 
30 in mouse thymocytes and expressed as percent of 
control, as detailed in Example 7. Sodium azide 
was used as a cytotoxic control. Cytotoxicity was 
also assessed using the standard method of trypan 
blue dye staining. 16-hydroxytriptolide showed no 
35 significant toxicity at concentrations less than 
icy 7 M, the highest concentration range at which 
the compound produced dose-dependent inhibition of 
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cytokine production or action, cytotoxicity was 
observed at higher concentrations. At 0.5 x io -6 
M, 16-hydroxytriptolide decreased cellular 
respiration by 29%, and at 2 x io -6 M, 16-hydroxy- 
5 triptolide decreased cellular respiration by 39%. 

III. Treatment Method 

The 16-hydroxytriptolide and 
immunosuppressant compounds of the invention are 

10 employed in immunosuppression therapy, 

particularly in treating transplantation rejection 
or autoimmune disease. According to an important 
feature of the invention, the effective dose of 
immunosuppressant drug is reduced significantly by 

15 co-administration of the drug with the purified 
16-hydroxytriptolide compound, allowing higher 
drug doses to be administered and/ or more 
prolonged treatment while reducing deleterious 
side effects. 

20 Table 3 below gives a list of autoimmune 

diseases which are appropriate for immunotherapy. 



Table 3 



AUTOIMMUNE DISEASES 


Disease Tissue Affected 


Addison's disease 


adrenal 


Allergies 


inflammatory cells 


Asthma 


bronchi 


Atherosclerosis 


vessel walls 


Crohn's disease 


intestine 


Diabetes (Type I) 


pancreas 


Graves' disease 


thyroid 


Guillain-Barre Syndrome 


nerve cells 


Lupus erythematosus 


multiple tissues 


Multiple sclerosis ' 


nerve cells | 
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AUTOIMMUNE DISEASES 


Disease 


Tissue Affected 


Myasthenia Gravis 


neuromuscular junction 


Psoriasis 


skin 


Primary biliary cirrhosis 


liver 


Rheumatoid arthritis 


joint lining 


Uveitis 


eye 



In treatment of an autoimmune condition, the 
patient is given the 16-hydroxytriptolide and 
10 immunosuppressive compounds in a pharmaceutical^ 
acceptable vehicle or vehicles on a periodic 
basis, e.g., 1-2 times per week at a dosage level 
sufficient to reduce symptoms and improve patient 
comfort. Where the 16-hydroxytriptolide and 
15 immunosuppressant compounds are administered 

separately, the compounds may be administered with 
different dosing schedules as appropriate to 
maintain the potentiating effect of the 16- 
hydroxytriptolide compound on the immu- 
20 nosuppressant compound. 

For oral administration, the 16- 
hydroxytriptolide compound may be given in liquid, 
tablet or capsule form, at a preferred dose of 0.1 
and 2 mg/kg patient body weight per day. The dose 
2 5 may be increased or decreased appropriately 

depending on the response of the patient, and 
patient tolerance. 

A parenteral suspension can be administered 
by injection, e.g., intravenously, 
30 intramuscularly, or subcutaneous ly, inhalation, or 
uptake via a mucosal membrane. A dose between 
about 0.05 and 1 mg 16-hydroxytriptolide/kg body 
weight per day is preferred, and this level may be 
increased or decreased appropriately, depending on 
3 5 the conditions of disease, the age of the patient, 



and the ability of the patient to resist infec- 
tion. 

In general, it is preferred that 16-hydroxy- 
triptolide is administered in an amount effective 
to achieve a serum concentration of 16- 
hydroxytriptolide of between about 1CT 8 and lO -7 M. 

The dose of immunosuppressant drug that is 
administered is preferably 25-75% of the dose that 
would be administered when given in the absence of 
the 16-hydroxytriptolide compound, although lower 
levels of immunosuppressant drug may be 
administered. 

For treating rheumatoid arthritis, the 
compounds may be administered by intravenous 
injection or by direct injection into the affected 
joint, for example. The patient may be treated at 
repeated intervals of at least 24 hours, over a 
several week period following the onset of 
symptoms of the disease in the patient. 

For the treatment of systemic lupus 
erythematosus (SLE) , as another example, the 
compounds may be administered by oral or 
parenteral administration, such as intravenous 
( IV) administration . 

For therapy in transplantation rejection, the 
method is intended particularly for the treatment 
of rejection of heart, kidney, liver, and bone 
marrow transplants. The method is useful in the 
treatment of xenograft as well as allograft 
rejection. The method may also be used in the 
treatment of graf t-versus-host disease, in which 
transplanted immune cells attack the allogeneic 
host. In addition, the composition may be 
administered chronically to prevent graft 
rejection, or in treating acute episodes of late 
graft rejection. 



Treatment is typically begun perioperatively 
and is typically continued on a daily dosing 
regimen, for a period of at least several weeks, 
for treatment of acute transplantation rejection. 
During the treatment period, the patient may be 
tested periodically for immunosuppression level. 
Biopsy of the transplanted tissue may also be 
appropriate. 

The following examples illustrate the method 
for obtaining purified 16-hydroxytriptolide and 
illustrate various physical, chemical, and in 
vitro properties of the compound. The examples 
are intended to illustrate, but in no way limit 
the scope of the invention. 

Example 1 
Preparation of 16-Hvdroxv triptolide 

A. Bioassav 

Fractions produced at various stages in the 
purification procedure below were assayed to 
identify fractions containing 16-hydroxytriptolide 
by one or more of the assays described in Examples 

3-6. 

B. small-Scale Prepar ation of Crude Extract 
Tripterygium wilfordii plants were obtained 

in Taiwan or in Fujiang Province, China and were 
air-dried in sunlight. The root xylero of the 
plant (300 g) was ground into a crude powder and 
extracted with 1.5 1 of 95% ethanol under reflux 
at 85°C for 4 hours. Following reflux, the 
residual crude powder was collected by filtration 
and extracted two more times as above using 900 ml 
95% ethanol each time. The three ethanol extracts 
(total volume of about 3.3 1) were combined and 
the resulting mixture was concentrated at 50°C 



under vacuum, to about 2% of the original volume, 
i.e. , about 66 ml. 

The concentrated mixture was then diluted 
with 33 ml water and filtered through Whatman #1 
filter paper. The filtrate was extracted 4 times 
(50 ml/extraction) with methylene chloride. The 
combined filtrate (about 200 ml) was concentrated, 
and applied to a 6.5 cm (diameter) x 12 cm column 
of silica gel (-60-200 mesh) . The column was 
washed successively with 600 ml methylene 
chloride, and 1500 ml methylene chloride: methanol 
(95:5). The fractions which eluted with the 
methylene chloride: methanol solvent were then 
concentrated under reduced pressure, yielding 
about 0.9 g of crude product (concentrate #1). 

B. Further Purification of Extract 
Forty grams of concentrate #1, prepared by 
scale-up of the procedure above, was applied to a 
9 cm x 25 cm column of silica gel and eluted with 
the following series of methylene 
chloride: methanol mixtures (v:v) : 100:0 
(3 liters), 97:3 (4 liters), 95:5 (4 liters), and 
90:10 (3 liters). The fractions which were eluted 
by the 95:5 mixture were concentrated under 
reduced pressure, yielding 12.9 g of concentrate 
#2. 

Concentrate #2 was loaded on a 5.5 x 49 cm 
silica gel column and eluted with the following 
series of mixtures of hexane^I^Clj: methanol as 
follows: 1:2:5 (2 liters), 1:2:10 (2 liters), 
1:2:15 (2 liters), and 1:2:20 (2 liters). 
Fractions which were eluted by the 1:2:15 mixture 
were concentrated under reduced pressure, yielding 
2.2 6 g of a concentrate #3. 

Concentrate #3 was purified by silica gel 
chromatography (2 cm x 42 cm) using the following 
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series of hexane: acetone mixtures: 9:1 (500 ml), 
8:2 (1000 ml), 7:3 (1000 ml), and 6:4 (300 ml). 
Fractions which eluted with the 7:3 mixture were 
combined and concentrated, yielding 271 mg of a 
5 concentrate #4 . 

Concentrate #4 was purified by reversed phase 
HPLC on a 20 x 250 im ODS column (Japanese 
Analytical, Inc., distributed by DyChrom, Santa 
Clara, CA) . The mobile phase was 70% methanol in 
10 water, at a flow rate of 3 ml/min (100 mg/run) . 
The elution time of 16-hydroxytriptolide was 3.6 
min. 16-Hydroxytriptolide-containing fractions 
were concentrated under reduced pressure (75 °C) 
and further purified by another ODS HPLC column 
15 (io x 250 mm) using a mobile phase of 70% methanol 
in water, at a flow rate of 1 ml/min (20 mg/run). 
The elution time of 16-hydroxytriptolide was 2.5 
min. 

As a final step, purified 16- 
20 hydroxytriptolide was obtained by crystallization 
from methanol, yielding 13 mg of purified product. 

Example 2 

Phyci^i characi-pri sties o f i fi-HvdroxvtriPtolide 
25 Mass spectrometric analyses of 16- 

hydroxytriptolide were performed using a VG-ZAB2- 
EQ mass spectrometer for characterization by fast 
atom bombardment (FAB) , and a Kratos MS-50 for 
high resolution mass determination using electron 
30 impact (EI) ionization for determination of exact 
mass values. FAB analysis (Fig. 2) revealed a 
molecular ion at m/z = 377.2 (MH + ). The exact mass 
found for MH + was 377.160050, in good agreement 
with the calculated value for C^O, (377.160028). 
3 5 The infrared spectrum (Fig. 3) of 16-hydroxy- 

triptolide (KBr pellet) was obtained using a 
Nicolet 510P FT-IR spectrometer. 



NMR spectra ( l H, l3 C, ! H— l H COSY, and l H- l3 C 
COSY) were obtained using a 300 MHz General 
Electric QE Plus spectrometer. All spectra were 
obtained in d 6 -DMS0, with tetramethylsilane (TMS) 
included as a reference (defined as 0 ppm) . The 
resultant spectra are shown at Figs 4-7 and 
described further in section I.B above. 

Example 3 

Suppression o f PBL Prol iferation jjg Vitro 

A. Human peripheral Blood Lymphocyte (PBL) 
Preparation 

Human peripheral blood lymphocytes were 
prepared using an established method (Boyum) . 
Human blood buffy coat samples, approximately 25 
ml/donor, were obtained from the Stanford 
University Medical Center Blood Bank. Using 
sterile technique, the buffy coat samples were 
gently resuspended in a total volume of 100 ml 
with the addition of calcium and magnesium free 
Hank's balanced salt solution (HBSS, obtained from 
Gibco, Gaithersberg, MD) at room temperature. A 
volume of 25 ml of the cell suspension was then 
layered onto 15 ml of Ficoll-Pacque (Pharmacia LKB 
Biotechnology, Inc., Piscataway, NJ) in a 50 ml 
conical centrifuge tube. Tubes were centrifuged 
in a Beckman GPR tabletop centrifuge (GH-3.7 
Rotor) at 400 x g for 30 minutes at 15°C. 

Following centrifugation, the PBL suspensions 
at the interfaces were transferred to new 50 ml 
tubes using a transfer pipette, and the PBL 
samples were resuspended in a total volume of 4 5 
ml HBSS and centrifuged at 354 x g for 10 minutes 
at 15°C. Supernatants were discarded. PBL's were 
resuspended in 10 ml HBSS, combined to make a 
total of 4 5 ml HBSS, and centrifuged at 265 x g 
for 10 minutes at 15°C. The cell pellets were 
suspended in 10 ml of X-Vivo tissue culture medium 



WO 94/26265 



PCT/US94/04990 



10 



15 



26 

(BioWhittaker Inc., Walkersville, MD) and counted 
using a hemocytometer . Tissue culture medium was 
then added to achieve a final cell concentration 
of 1 x 10 6 cells/ml. Additional dilutions were 
carried out as required for each assay. 

Assays were carried out in 96 well sterile 
tissue culture plates (Costar 3790 and Costar 
3595) . A volume of 150 /U of X-Vivo medium or 
sterile distilled water was added to the outer 
wells of the plate to prevent evaporation of 
medium within the experimental wells. PBL's from 2 
different donors were used in parallel in all 
experiments. A volume of 100 fil PBL suspension 
was added to each well using a multichannel 
pipette. Plates were incubated in an atmosphere 
of 93% air/7% C0 2 in a tissue culture incubator at 
370c. X-35 (AMAC #0178), an anti-CD3 surface 
antigen antibody, was used at 5 ng/ml to stimulate 
PBL proliferation. 

16-Hydroxytriptolide was dissolved in ethanol 
or DMSO (10 mg/ml) and then diluted in sterile 
X-Vivo tissue culture medium to obtain the final 
concentrations required for each experiment. 
Four hours prior to the conclusion of 
25 incubation, 50 jil of X-Vivo tissue culture medium 
containing 8 M Ci/ml [ 3 H]Thymidine (49 Ci/mmol, 
Amersham, Arlington Heights, IL) was added to each 
tissue culture well. After 72 hours total 
incubation time, the cells were removed from the 
30 tissue culture wells and applied to filter paper 
using a cell harvester (Brandel, Model MB-24) . 
The filter paper was dried for one hour under a 
heat lamp and then cut into 1 cm discs. Each 
sample was placed in a scintillation vial 
35 containing 2 ml of scintillation fluid (Biosafe, 
Research Products International Corp., Mount 



20 



Prospect , IL) . Samples were counted in a Beckman 
LS 6000SC scintillation counter. 

As shown in Fig. 8, 16-hydroxytriptolide 
inhibited PBL proliferation over a concentration 
range of 10** to 

10" 7 M. Half maximal inhibition occurred at a 
concentration of approximately 10' 8 M. 

Example 4 

Inhibition of IL-1 Action 
on Mouse Thymocytes 

Mouse thymocytes were prepared, and the 

action of IL-1, which stimulates thymocyte 

proliferation, was measured using standard 

technigues (O'Gara) . Three to six week old 

C3H/HeN mice were obtained from Simonsen 

Laboratories, Gilroy, California and sacrificed by 

C0 2 inhalation. Thymi were removed, separated from 

adherent non-thymic tissue, homogenized in Hank's 

balanced salt solution (Gibco) using a glass 

homogenizer, and centrifuged at 180 x g for 10 

minutes at 15 °C. Following an additional wash in 

HBSS, the thymocytes were resuspended in RPMI 1640 

tissue culture medium (Gibco) containing 50 /xM 2- 

mercaptoethanol (Fisher, Orangeburg, NY) , 2 mM 

glutamine (Gibco) , 1 mM sodium pyruvate, 

non-essential amino acids, penicillin (100 U/ml) 

streptomycin (100 ^g/ml) , 10% heat-inactivated 

fetal bovine serum and Phytohemagglutinin (PHA, 

Pharmacia, final concentration 10 iiq /ml) . Cells 

were cultured in round-bottom 96 well microtiter 

tissue culture plates, 6 x io 5 cells per well in a 

volume of 100 Ml. 16-Hydroxytriptolide was 

diluted in tissue culture medium and added to the 

wells in the presence and absence of IL-1 

(recombinant human IL-1B, R&D Systems catalog # 

201-LB, 0.1 ng/ml) . Total volume was 150 /il per 

well . 
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Plates were incubated for 72 hours (95% 
air/5% C0 2 , 37°C) . During the last four hours of 
incubation, [ } H]- thymidine (Amersham, 49 Ci/mM) 
was added (0.5 fiCi per well). Cells were 
5 harvested onto Whatman 934-AH glass microfiber 
filters and counted in a Beckman LS 6000 
scintillation counter. Results were expressed as 
counts per minute per well. 

Untreated cells showed minimal DNA synthesis 
10 (thymidine incorporation 80 cpm/well) . PHA alone 
stimulated thymidine incorporation 2-3 fold. 
Treatment with 0.1 ng/ml IL-1 in the presence of 
PHA resulted in a 60-fold increase. Addition of 
the 16-hydroxytriptolide resulted in a dose- 
15 dependent inhibition of IL-1 stimulation, as shown 
in Figure 9. Inhibition was measured over a range 
of about 10-' M to 2 x lO" 6 M. Half-maximal 
inhibition occurred at 2 x 10* M. 

20 Example 5 

rnhihifion of II-? Action b y i fi-Hvdroxvtriptolide 

The effect of 16-hydroxytriptolide on the 
action of IL-2 was assessed by measurement of the 
compound's ability to inhibit IL-2 -stimulated 
25 growth of the IL-2 dependent cell line HT-2, a 

well established biological assay of IL-2 action 
(0'Gara) . HT-2 cells were cultured in 75 cm 2 
(Corning, Corning, NY) tissue culture flasks in 
RPMI 164 0 medium containing 10% fetal bovine serum 
30 (Hyclone, Logan, UT) , 50 nH 2- mercaptoethanol 
(Fisher), 10 U/ml recombinant human IL-2 (Cetus, 
Norwalk, CT) , 20 mM HEPES, 2 mM glutamine, 100 
U/ml penicillin and 100 ng/ml streptomycin. Cells 
were passaged every 2 days. For experiments, HT-2 
3 5 cells were centrifuged at 180 x g for 10 minutes, 
washed twice with 10 ml of IL-2- free culture 
medium and resuspended in RPMI 1640 medium 
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prepared as above, except containing 5% fetal 
bovine serum. Final cell concentration was 1 x 
l0 4 /well. cultures were incubated with varying 
concentrations of the 16-hydroxytriptolide (95% 
air/5% C0 2 , 37°C) for 20 hours. Tritiated 
thymidine, 0.5 /iCi/ well (Amersham, 49 Ci/mmol) , 
was added and the incubation carried out for an 
additional 4 hours. Cells were harvested and 
counted as described for the PBL proliferation 
assay (Example 3) . 

As shown in Figure 10, 16-hydroxytriptolide, 
over a concentration range of 10" 9 to 10~ 7 M, 
inhibited IL-2 induced DNA synthesis. Half 
maximal inhibition occurred at about 3 x io* 8 M. 

Example 6 

Effect of 16-Hvdroxvtriptolide on 
Cytokine Production 

Human PBLs were prepared as in Example 3 . 
The cells were incubated in the presence and 
absence of varying concentrations of 16- 
hydroxytriptolide, in the presence of 10 M9/ml 
PHA. Samples of tissue culture medium were 
collected following 24 hours incubation and stored 
at -70°C prior to assay. 

cytokine measurements were carried out using 
commercially available ELISA assay kits for 
cytokines IL-1, IL-2, IL-6, and TNFa (R&D 
Systems), in accordance with the supplier's 
protocols. In brief, 100 m1 of the assay buffer 
supplied was added to each of the wells of a 
microtiter plate containing pre-bound 
anti-cytokine antibody, followed by 100 pi of 
standard or sample solution, diluted appropriately 
for the concentration range measured. All 
incubations were carried out at 37°C or 24 °C, per 
the supplier's protocol. 
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Following two hours incubation, the plates 
were washed four times with assay buffer, and the 
second antibody, anti-ant i-cytokine-horseradish 
peroxidase (HRP) , was added to each well in a 
5 volume of 200 pi. Following another 2 hour 

incubation, the wells were washed four times with 
buffer, and 200 /xl/well HRP substrate was added. 
After 20 minutes incubation, the reaction was 
terminated by the addition of 50 M l H 2 S0 4 to each 
10 well. Optical density was determined using a 
Molecular Devices microtiter plate reader. 
Results were calculated as pg cytokine/ml medium. 

As shown in Fig. HA, 16-hydroxytriptolide 
effectively inhibited the production of IL-6 and 
15 TNFa. Production of these cytokines was 

suppressed to 1% of control levels in the presence 
of 10- 7 M 16-hydroxytriptolide. Half-maximal 
inhibition occurred at about 4 x io* M and 8 x io* 
M, respectively. As shown in Fig. HB, 10" 7 H 16- 
20 hydroxytriptolide also decreased the production of 
IL-2 to about 10% of the level present in the 
untreated cultures. Half-maximal inhibition of 
IL-2 production occurred at about 4x10'' M. In 
contrast, 16-hydroxytriptolide did not alter IL-1 

2 5 production by the cultured lymphocytes. 

Example 7 

Pwa 111*1- inn of p m-ontial Cytotoxicity 
Potential cytotoxicity of 16- 

3 0 hydroxytriptolide was assessed by measurement of 

the compound's effect on the reduction of MTT 
( 3 - [ 4 , 5-Dimethylthiazol-2-y 1 ] -2 , 5-dipheny 1- 
tetrazolium bromide) by cultured cells. MTT, a 
yellow-colored compound, is reduced by 
3 5 mitochondrial enzymes to form a purple crystalline 
reduction product (formazan) , providing an index 
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of cellular respiration as well -as a sensitive 
assay for cytotoxicity (Green, et al , ) . 

Cytotoxicity was assessed in cultured human 
PBLs and mouse thymocytes. A stock solution of 
5 MTT (Sigma, St. Louis, MO), 5 mg MTT/ml phosphate 
buffered saline, pH 7.4, was prepared and stored 
in the dark at 4°C. Following 21 hours incubation 
under conditions identical to those above, 25 m! 
of MTT solution was added to each culture well. 

10 After an additional 3 hour incubation, the 
experiment was terminated by addition of a 
solution of 10% sodium dodecyl sulfate in 0.01 N 
HC1. Following overnight incubation at 37°C (to 
solubilize the formazan crystals, the MTT reduc- 

15 tion product) , optical density was determined at 

570-650 nra in a Molecular Devices microtiter plate 
reader. Data are expressed as the ratio of the 
optical density of the 16-hydroxytriptolide- 
treated sample to that of untreated controls. No 

20 significant toxicity was observed at con- 
centrations up to 10 nq/ml, the highest dose 
tested. The standard method of trypan blue vital 
dye staining was also used to assess toxicity. 
Results were consistent with those from the MTT 

25 reduction assay. 

16-Hydroxytriptolide showed no significant 
toxicity at concentrations less than 10* 7 M, the 
highest concentration range at which the compound 
produced dose-dependent inhibition of cytokine 

3 0 production or action. Cytotoxicity was observed 
at higher concentrations. At 0.5 x 10"* M, 16- 
hydroxytriptolide decreased cellular respiration 
by 29%, and at 2 x lo^ 6 M, le^hydroxytriptolide 
decreased cellular respiration by 39%. 

35 

Although the invention has been described 
with respect to particular methods and 



WO 94/26265 



PCT/US94/04990 



32 

applications, it will be appreciated that various 
changes and modifications may be made without 
departing from the spirit of the invention. 
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IT IS CLAIMED: 

1. A composition for use in 
immunosuppression therapy in a mammalian subject, 

5 comprising 

purified 16-hydroxytriptolide in a 
pharmaceutical^ acceptable delivery vehicle, and 

also carried in the vehicle, an 
immunosuppressant drug selected from the group 
10 consisting of cyclosporin A, FK506, azathioprine, 
methotrexate, rapamycin, mycophenolic acid, and a 
glucocorticoid, 

said composition having a potentiated 
immunosuppression activity with respect to a 
15 composition containing either the 

immunosuppressant drug or 16-hydroxytriptolide 
alone. 

2. The composition of claim 1, for use in 

20 treating transplantation rejection in the subject. 

3. The composition of claim 2, for treating 
rejection of an allograft. 

25 4. The composition of claim 2, for treating 

rejection of a xenograft. 

5. The composition of claim 2, for treating 
graft versus host disease. 

30 

6. The composition of claim 2, wherein the 
immunosuppressant drug is cyclosporin A. 

7. An immunosuppression therapy method for 
35 use in a mammalian subject, comprising 

administering to the subject (i) a 
pharmaceutical^ effective amount of an 
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immunosuppressant drug selected from the group 
consisting of cyclosporin A, FK506, azathioprine, 
methotrexate, rapamycin, mycophenolic acid f and a 
glucocorticoid; and (ii) purified 16-hydroxy- 
5 triptolide in an amount effective to potentiate 
the immunosuppressive effect of the 
immunosuppressant drug. 

8. The method of claim 7, wherein the 16- 
hydroxytriptolide is administered orally in a 
pharmaceutically acceptable vehicle. 

9. The method of claim 7, for use in 
treating transplantation rejection. 

15 

10. The method of claim 9, for use in 
treating rejection of an allograft. 

11. The method of claim 9, for use in 
20 treating rejection of a xenograft. 

12. The method of claim 9, for use in 
treating graft versus host disease. 

25 13. The method of claim 9, wherein said 

administering is conducted over a several week 
period following transplantation. 

14. The method of claim 13, wherein the 
3 0 immunosuppressant drug is cyclosporin A. 
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